Objectives: Somatostatin receptor scintigraphy (SRS) with 111 In-octreotide has been suggested as a potential tool for the detection of recurrent or metastatic differentiated thyroid cancer when no radioiodine uptake can be demonstrated in tumour sites. However, there is no consensus concerning the performance and clinical impact of this examination in such instances. Design and methods: A prospective study was undertaken to evaluate SRS in 43 patients (18 men, 25 women) with papillary (n ¼ 20), follicular (n ¼ 9), insular (n ¼ 6) and oncocytic (n ¼ 8) thyroid carcinomas with elevated serum thyroglobulin (Tg) levels and no detected radioiodine uptake. Results: Evaluation criteria were interpreted in terms of an assumed presence of tumoural tissue. Sensitivity of SRS was 51%, clearly lower than that of conventional imaging procedures, and of positron emission tomography using [
Introduction
After total thyroidectomy and radioiodine ablation for differentiated thyroid cancer, it may be difficult to identify the recurrence site in patients with persistently elevated serum thyroglobulin (Tg) and negative radioiodine (iodine-131) whole-body scans (WBSs) performed with a high activity (1 -3) . The loss of ability to trap iodine while retaining the ability to secrete Tg is frequent in patients with poorly differentiated follicular and oncocytic carcinomas (3, 4) . In such instances, an improved detection of lesions is likely to lead to better clinical management, including a more appropriate selection of patients who might benefit from surgery.
Conventional imaging procedures (CIPs), such as ultrasound (US) of the neck and abdomen, spiral computed tomography (CT) and/or magnetic resonance imaging (MRI) and bone scintigraphy, are effective in localizing recurrences of differentiated thyroid cancer.
However, the anatomical imaging modalities may be poorly specific, particularly in cases with altered anatomy (due to previous surgical explorations) or in certain sites such as the mediastinum, and also have a limited field of view (4) .
Scintigraphic imaging modalities offer the possibility of whole-body evaluation, allowing an increase over the sensitivity of CIPs, by indicating on which anatomical areas these morphological examinations should be focused. Several radiopharmaceuticals, such as thallium-201 chloride and technetium-99m-labelled isonitrile compounds (sestamibi or tetrafosmin), have been proposed in patients with thyroid carcinoma, but results were not completely satisfactory (5, 6) . Positron emission tomography (PET) using [
18 F]-2-fluoro-2-deoxy-D-glucose (FDG) is a promising technique for the detection of recurrences of differentiated thyroid cancer, especially in cases with no detected iodine uptake, but the method is expensive and may be not readily available (7, 8) .
For over a decade, somatostatin receptor scintigraphy (SRS) with 111 In-DTPA-D-Phe-octreotide (Octreoscan; Mallinckrodt, Petten, The Netherlands) has been widely used as a diagnostic agent, particularly to image neuroendocrine tumours (9) . Since thyroid tumour cells express somatostatin receptors, SRS has been proposed as a potential tool for the diagnosis of recurrences in differentiated thyroid carcinomas (10) . However, conflicting results have been reported, with sensitivities ranging from 25 to 75%, depending on patient selection and positivity criteria (10) (11) (12) .
This prospective study was undertaken in 43 patients with differentiated thyroid carcinoma, elevated serum Tg levels and no detected radioiodine uptake on WBSs, to evaluate the performances of SRS by reference to CIPs and clinical follow-up. In 27 patients, these results were compared with those of PET-FDG to assess the respective interest of each of these tests.
Materials and methods

Patients
Forty-three consecutive patients with differentiated thyroid cancer (18 males, 25 females; age range: 22 -70 years; mean age: 49 years) were prospectively studied (Table 1) . Total thyroidectomy had been performed in all cases, between 1 and 23 years previously. The histopathological analysis revealed 20 papillary, 9 follicular, 6 insular and 8 oncocytic (Hü rthle-cell) thyroid carcinomas. The disease stage at diagnosis was defined according to the National Thyroid Cancer Treatment Cooperative study staging system (13).
Surgical treatment was followed by iodine-131 ablative therapy (2 -4 GBq, depending on the radioiodine uptake in the thyroid bed). During follow-up, the patients received between one and eight therapeutic doses of iodine-131 (cumulative range 3.7 -33.3 GBq, average dose 13.8 GBq) because of elevated Tg levels (means^S.D. 3114^10 800 mg/l, range: 22 -70119 mg/l). These treatments resulted in the disappearance of radioiodine uptake in neoplastic foci. However, the Tg level remained elevated (mean 758^1419 mg/l, range: 0.7 -5850 mg/l, during levothyroxine treatment), with no anti-Tg antibody, suggesting the presence of active disease. The mean delay between the last radioiodine treatment and SRS was 21^28 months (range 1 week to 10 years).
The study was approved by the local ethics committee, and was performed according to the Helsinki guidelines. Each patient signed informed written consent.
CIPs
Serum Tg and anti-Tg antibody were measured by an IRMA method at the time of WBS and on the day of SRS.
WBSs were routinely performed 3-4 days after a therapeutic dose of iodine-131 (1.9 -5.6 GBq), following thyroid hormone withdrawal (thyrotrophin (TSH) level higher than 30 mU/l), using a dual-head large-field-ofview gamma camera equipped with a high-energy collimator (Siemens Body Scan, Chicago, IL, USA).
CIPs first included chest X-rays and neck US. CT and/or MRI of the neck and chest (and occasionally the abdomen) were performed mostly when the two first examinations were negative or doubtful, and always in the case of unexpected SRS findings.
99m Tcdiphosphonate bone scintigraphy was performed in cases of clinically suspected bone metastases.
PET-FDG acquisitions
Examinations were performed in 27 fasting patients, mostly during levothyroxine suppression. Images were acquired 60 min after i.v. administration of 2 MBq/kg FDG, using a three-head large field-of-view gamma camera equipped with coincidence detection of 511 keV annihilation quanta (IRIX; Philips Medical Systems, Cleveland, OH, USA). Three acquisitions of neck, chest and abdomen involved a 1208 rotation of each detector, with 60 steps of 20 -25 s, and the total scanning time was approximately 1.5 h. The non-attenuated corrected images were reconstructed using the iterative reconstruction technique.
SRS acquisitions
Examinations were performed during TSH-suppressive levothyroxine therapy except in three cases (Table 1) . Patients received an i.v. injection of 110 MBq Octreoscan. A dual-head large-field-of-view gamma camera equipped with a medium-energy collimator (PRISM 2000; Philips Medical Systems) provided anterior and posterior images at 4, 24 and, when necessary, 48 h. Data acquisition was performed using an energy window setting at 172 and 247 keV, with 15% of window width. Total body images were obtained by scanning at 10 cm/min while 10-min spot-centred views on the cervico -thoracic region were also recorded. When useful, single photon emission computed tomography from relevant regions was performed at 24 h (60 projections of 40 s acquired over 1808 reconstructed by filtered back-projection).
Image interpretations
All scintigraphic images were visually analysed by at least two experienced nuclear physicians blinded to the clinical situation and the consensus was reported in the clinical record. A focus of increased abnormal uptake was interpreted as a pathological site. The regions of uptake were divided into five areas: neck, lung, mediastinum, bone and other (including liver). Lesions were arbitrarily classified as multiple if more than four sites were detected. Overall, a positive examination in a patient was defined by at least one abnormal uptake in one site and results were expressed in terms of both positive patients and tumour sites. The scintigraphic results were retrospectively compared with CIPs, obtained within 6 months. If necessary, the CIP examinations were repeated with the radiologist aware of PET-FDG and SRS findings.
Evaluation and statistical analysis
Since no single imaging modality is recognized as the gold standard to indicate the presence or absence of thyroid cancer, the evaluation criteria were defined in terms of assumed presence of tumoural tissue (because of persistent Tg levels) and not on the basis of CIP findings. Verification of a true-positive finding was then achieved by positive cytology (performed by ultrasonography-guided fine-needle aspiration biopsy) or histology (performed after surgery) in 27 patients. In the other 16 patients, the final decision took into account the clinical outcome and biological follow-up, together with all imaging findings.
Lesion detectability in CIPs and SRSs are expressed as the percentage of patients with positive rates and compared using the x 2 test. The threshold of significance was set at 0.05.
Results
Overall sensitivity (Table 1) In eight patients, no tumour site could be detected with any of the available methods, including PET-FDG. In two patients, SRS revealed lung uptake that proved to be related to tuberculosis (no. 23) or sarcoidosis (no. 26).
The remaining 33 patients presented with unequivocal metastases, local recurrence or residual tumour, shown by at least one imaging modality and then confirmed either directly (histopathologically) or indirectly (by clinical follow-up). CIP was unequivocally positive in 30 patients (70%), and was the only positive test in five of them. SRS was positive in 22 patients (51%), and was the only positive test in three of them. PET-FDG was performed in 27 patients, belonging to a larger series of patients whose results have been previously reported (14) . The examination was unequivocally positive in 16 patients, and was the only positive test in one patient.
Sensitivity according to tumour site (Table 2)
In the 34 patients in whom an unequivocal lesion was detected, the following tumour sites were discovered: cervical (15 patients), mediastinal (18 patients), pulmonary (17 patients), skeletal (5 patients), and abdominal (4 patients).
SRS and CIP findings were comparable for abdominal sites, SRS and PET-FDG were superior to CIP for mediastinal sites, while CIP was superior in cervical, pulmonary and skeletal localization.
Scintigraphic sensitivity according to Tg (Table 3) To evaluate the relationship between serum Tg level and SRS sensitivity, the patients were divided into two groups, based on serum Tg levels obtained during levothyroxine therapy. In the first group (Tg , 50 mg/l), SRS was positive in only 3 of 18 patients, which is significantly lower than in the other group (Tg . 50 mg/l) (P , 0.001). The lowest Tg with positive SRS findings was 2.4 mg/l and the highest Tg level with a negative SRS was 1964 mg/l.
Scintigraphic sensitivity according to histology and stage (Table 4) Significantly higher sensitivity was found in oncocytic carcinoma, where SRS was unequivocally positive in seven of eight patients (88%). Of the 35 other patients, only 15 (43%) showed SRS pathological localization. Similarly, there was a trend towards a lower number of positive SRSs in patients with initial stage I thyroid carcinoma (22%).
Patient management
The SRS findings led to a change in the clinical management in four patients (namely, further surgery was decided or modified in patients no. 19, 24 and 35, and a metabolic radiation therapy with 111 In-Octreoscan (3.7 GBq) was decided in patient no. 43).
The eight negative and the two false-positive SRS patients with persistently elevated Tg level were carefully followed up for 30 months (range 15 -46), until the end of the study and remained without detected metastases.
Discussion
Human somatostatin receptors (hSSTR 1-5), which mediate the antiproliferative effects of somatostatin, are present in normal tissues and in several tumours, especially of neuroendocrine origin. Octreotide is a somatostatin analogue with high affinity for hSSTR2. Once labelled with 111 In, the radiopharmaceutical has been widely used for imaging neuroendocrine tumours. In vitro studies recently revealed an expression of hSSTR2 in non-medullary differentiated thyroid carcinoma cell (15) . Also there may be non-specific uptake in the intratumoural leukocytes or in the peritumoural and intratumoural blood vessels (15) .
Earlier studies with SRS in patients with recurrent or metastatic differentiated thyroid cancer gave controversial results. While Baudin et al. (10) and Postema et al. (16) found a high sensitivity of more than 70%, especially for mediastinal involvement, in the studies of Garin et al. (12) and Valli et al. (11) the sensitivity was low (30%). These controversies may be partly attributed to patient selection or to the low number of cases (15) .
The aim of our study was to evaluate the sensitivity and the clinical utility of SRS in the therapeutic management of patients with elevated serum Tg levels and no detected radioiodine uptake.
Due to elevated serum Tg levels, active tumour disease was assumed in all our patients, despite the fact that no lesion could be detected with any of the available methods, in ten cases. While histopathological investigations of all neck lesions were obtained, this was not always feasible for lung masses. We therefore admitted the clinical follow-up and a congruence of CIP and SRS findings as confirmed disease.
In these conditions, the overall sensitivity of SRS was only 51%, but the influence of various factors should be evaluated.
First, the sensitivity of SRS varied with anatomical location. Mediastinal metastases were well detected by SRS, for which its diagnostic accuracy was superior to that of CIP and PET-FDG. Conversely, false-negative results of SRS were mostly small neck or lung metastases.
Secondly, a significantly increased fraction of positive SRSs was found in patient with higher serum Tg levels. The 21 negative SRS patients had mean Tg levels of 171.5^434.7 mg/l, while the 22 positive SRS patients had mean Tg levels of 1317.3^1782.1 mg/l. The serum Tg level is related to tumour mass and our result may only reflect the increased sensitivity of SRS with increasing tumour mass (12) . However, SRS examination was positive in a patient with a Tg level of 2.4 mg/ml.
Thirdly, there was a trend towards a higher number of positive SRS findings in patients with higher initial stages. Similarly, the sensitivity of SRS was better in oncocytic thyroid carcinoma, since seven patients out of eight patients showed unequivocal pathological octreotide uptake. In these tumours, hSSTR2 are generally overexpressed, whereas in the other differentiated thyroid carcinoma subtypes hSSTR2 are mainly expressed only at a late stage of the disease and receptor density is generally low (11, 17, 18) .
Fourthly, we observed two false-positive SRS examinations that corresponded to inflammatory pulmonary lesions. Also, since non-tumoural stroma cells may express somatostatin receptors, the lack of specificity of SRS should be kept in mind.
Finally, ten patients were negative and no lesion were detected during follow-up. This group of patients included seven papillary, one follicular (nearly differentiated), one insular, and one oncocytic thyroid carcinoma with various Tg levels (mean 60.2^91.2 mg/l, range 1.4 -256 mg/ml).
The value of PET using FDG in the detection of thyroid cancer, first described in 1987 (19) , has been further demonstrated in a number of prospective studies, with a high sensitivity of 85% (7) . Generally, glucose metabolism correlates with malignancy grade and is increased in undifferentiated thyroid carcinoma, or in high-grade carcinomas of the well-differentiated type, which have lost their ability to concentrate iodine (20) . Our results, obtained in 27 patients of the study, confirmed that PET-FDG may be useful for monitoring patients with elevated serum Tg levels and no detected radioiodine uptake on WBSs. 
